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Curcumin diethyl disuccinate is a prodrug of curcumin with better stability and anti- cancer
activity comparing to curcumin. It releases active parent curcumin in plasma, which is a desired
property of prodrug. In pharmacokinetic studies in rats, it had superior tissue distribution in several
organs and increased the plasma level of curcumin. Therefore, curcumin diethyl disuccinate has
potential for further development as an anticancer agent. An evaluation of plasma metabolism of
ester prodrugs is an important part of in vitro pharmacokinetic screening in drug development
process. Therefore, the aim of this study is to investigate in vitro metabolism of curcumin diethyl
disuccinate in human plasma. The amounts of remaining in plasma at different time intervals were
determined by HPLC and kinetic parameters including hydrolysis rate constant and half-life were
subsequently calculated. The results revealed that curcumin diethyl disuccinate can be rapidly
metabolized in human plasma with the hydrolysis rate constant and half-life of 0.1293 min™" and
5.36 min, respectively. In comparison with previously reported half-life in phosphate buffer pH 7.4
of curcumin diethyl disuccinate at 7.66 h, the degradation of curcumin diethyl disuccinate in human
plasma was significantly higher than that in phosphate buffer. The results suggest the involvement
of plasma esterases in the hydrolytic process. The information obtained from this study accompanied

with other pharmacokinetic studies will be useful for further development of CDD as a drug

candidate.
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wannANliAsiniieagluasazalensias curcumin §addn bicavailability 9
o w P a 1% . 1 1% 1 <
Aduiioannangnildsunlasiienssuaun1s metabolism lusenielaeeg195imiss 210
M3AnNIRe1@atATSUUIENIU curcumin UIA 2 ¢ YEUEVIB9319 WU 1 TALUInaY
) o ] A a . c‘L 2 ° | (25) o .
JuUsenu e1aadasiuTunm curcumin luldans1nin 10 ng/mL? wagwu metabolite
7U1INNTEUIUNTS metabolism %an 2 NTEUIUNITAB NTLUIUNIT O-conjugation 1A
a o ¢ & . . . a a
NannagNLUu curcumin glucuronide hae curcumin sulfate haLNILUIUNITN 2 AD
n5¥UIUN1T reduction Falanandaeiilu tetrahydrocurcumin, hexahydrocurcumin ag
octahydrocurcumin uaNANLTINUNAAAUNIINATEUIUNTT metabolism Bu 9 Lgu

dihydrocurcumin g¢lucuronide, tetrahydrocurcumin glucuronide, ferulic acid t & ¢

dihydroferulic acid 1Jufu?

2.2 Curcumin diethyl disuccinate

Curcumin diethyl disuccinate (5Un1wil 4) 1AR91AN5 curcumin 3¥URATeN
esterification U ethyl succinyl chloride Tondu prodrug Y83 curcumin Faflmumesialy
d198¥a1y phosphate buffer (pH 7.4) ngﬂﬂ’j’] curcumin mmaagm,ﬂﬁlsml,l,ﬂaaﬂé’uﬂu
curcumin Tatunataun wazflauJuiivaolgaauziSealdluguinnin curcumin
(colorectal adenocarcinoma cell) 11AN31 curcumin LagA1 1Cs, VDY curcumin diethyl
disuccinate Wag curcumin WAy 1.84 + 0.11 wag 3.31 + 0.16 uM aua1au"® NUITY
299 Wongsrisakul et al W11 curcumin diethyl disuccinate ﬁqméammm (antinociceptive)

Tuvy mice dlelwluwun 20 - 80 me/ke Tnenssuusennu@

0 s L L T \[p ~
__ﬂ‘ -~ .Ll . T o |]w/
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UM 4 uanalaseainaves curcumin diethyl disuccinate
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wena1ni Bangphumi et al Lidnuwiadyaaudansves curcumin diethyl
disuccinate Tuwy rat WU 1iledn curcumin diethyl disuccinate TWnsvasaidens as
awgnidsuutaady curcumin wagimanududy curcumin lunanaingaan 676 ug/L 7
nan 5 it ndeniulSnames curcumin lunanduazanadlugae 30 wnit udares o i
Uiunaigetuaudeseduanududulunataungsgaaded 2 faa 2 d2lus saudonut
curcumin diethyl disuccinate ansnsanszaeindideibouavazanluaves sila $114 fha

1o wagsiv launndn wazdlen volume of distribution gand1 curcumin fig 2 1in@" 19
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unil 3
inSasiiafilduazisauiiunside
3.1 @15Adl
1) Curcumin, purity 98.0% (MW 368.39 ¢/mol)
2) Curcumin diethyl disuccinate, purity 98.0% (MW 624.60 ¢/mol)
3) Dimethylcurcumin, purity 99.6% (MW 396.40 ¢/mol)
4) Acetonitrile (Burdick & Jackson®, HPLC grade)
5) Formic acid (Emsure®)
6) Ultrapure water

7) wWarauywed INanIN1YIAng

3.2 Faggunsaiuaziniasile
1) Analytical balance (Mettler Toledo, AG245)
2) 19399 HPLC (Shimadzu™ SCL - 10AD)
3) Aoautl Inertsil® ODS-3 (4.6 x 150 mm, 5 um)
4) Volumetric flask 9w 5, 10, 25, 50 way 100 mL
5) Automatic pipette U5u195 1 - 10 pL, 20 - 200 pL kag 100 - 1,000 uL
6) Microcentrifuge tube ¥u1m 1.5 mL (Eppendorf®)
7) Heating Block
8) WRNITULIAN
ORGECY centrifuge

10) vortex mixer
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3.3 ANSM38NANTIANKATAE1N T IIN1TNNaDY
3.3.1 NISMSPNAITATANY curcumin

1) 49 curcumnin 0.010 ¢ ldaslu volumetric flask vu1a 10.00 mL Y§uu3uinséae
acetonitrile 3uASU 10.00 mL agla@nsarate curcumin ANNWNTIY 1.0 mg/mL
%39 2,700 UM

2) Uwaansazanslute 1) w1 1.000 mL Tdaslu volumetric flask 9119 10.00 mL U5y
USumsme acetonitrile aUASU 10.00 mL agldansazans curcumin AMUNTY 270
UM

3) wmansazaslude 2) 11 0.560 mL laaslu volumetric flask au1A 5.00 mL U5U
USUIMSAIE acetonitrile AUATU 5.00 Hadans 3¢l curcumin stock solution A

WWUTY 30 UM
3.3.2 NseIgua15aza18 dimethylcurcumin

1) 94 dimethylcurcumin 0.010 ¢ ldaslu volumetric flask w1A 25.00 mL UuU3unms
A8 acetonitrile AUATU 25.00 mL azlaansazany dimethylcurcumin AMULTNTY
0.40 mg/mL %38 1,000 uM

2) Ywmansazanglute 1) w1 1.000 mL Tdaslu volumetric flask vu1a 50.00 mL U5
USUMIAIY acetonitrile 3uAsU 50.00 ml aglaarsazane dimethylcurcumin A3
LU 20 pM

3) Ywmansazatslute 2) 11 0.300 mL Tdaslu volumetric flask vu1a 10.00 mL U5u
USNIMTA18 acetonitrile AUATU 10.00 mL 2zld dimethylcurcumin stock solution

AULTNTY 0.6 pM

3.3.3 A15A38NE158ZaNY curcumin diethyl disuccinate

1) %3 curcumin diethyl disuccinate 0.010 ¢ la@aslu volumetric flask au1m 25.00 mL
USUUIuInIAY acetonitrile AuATU 25.00 mL 9glaansazate curcumin diethyl

disuccinate f. (@saza1y CDD A.) ALY 0.40 mg/mL %38 627.6 UM
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2) Twwaisazareluda 1) u1 1.000 mL laaslu volumetric flask ¥u1a 5.00 mL Usu

USu1nsA2Y acetonitrile aUASU 5.00 mL 9 lAd15aga1e curcumin diethyl

disuccinate ©. (@15aza18 CDD 9.) ANMNUY 125.5 uM

2) 11a15azaie COD N. kag V. UWIDANLANAITALANYANULTUTUAINTINA 1

3.3.4 nMsmsgudaIsazatensanasiin 0.2%

»23 formic acid USu1ms 2 mL 139919978 ultrapure water hazUsuUsnInsaunsu

1,000 mL

A15199 1 WARINITLASHUAITALANBUINTFIU curcumin diethyl disuccinate NIAIULTUTY

F9 9
a15arany ALY U31nS J3ums ALY Foansavane
Busiy Budu (uM) | Budu (mL) | gevie (mL) | aevhe (M)
d13ayany 627.6 0.637 10.00 40.0 CDD standard A
CDD n.
627.6 0.558 10.00 35.0 CDD standard B
627.6 0.478 10.00 30.0 CDD standard C
627.6 0.398 10.00 25.0 CDD standard D
627.6 0.319 10.00 20.0 CDD standard E
627.6 0.239 10.00 15.0 CDD standard F
d13avany 1255 0.797 10.00 10.0 CDD standard G
CDD «.
1255 0.398 10.00 5.00 CDD standard H
125.5 0.159 10.00 2.00 CDD standard |
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3.4 YUABUNITAIUNITIAY
Tun1s3dein19@eAnsEUUYeLATEY HPLC nail
Mobile phase: acetonitrile n31dU 70%

0.2% formic acid solution  8n51@7U 30%

Flow rate: 1.5 mL/min
Injection volume: 50 mL
Detection: 400 nm
Run time: 9 min
RaUnOil: 33°C

3.4.1 n13INAEdY system suitability

1) YtUm curcumin stock solution AI1ULTNT W 30 uM USu1ms 5.00 uL ldaslu
microcentrifuge tube

2) Ywumarsaraiey CDD standard C A1 Y 30 pM USu1m5 5.00 L Tdaslu
microcentrifuge tube 914 1)

3) Yis dimethylcurcumin stock solution AULUNTY 0.6 pM Usues 100 pL Tdaslu
microcentrifuge tube 91U 2)

4) YUn acetonitrile Usuns 490 pL laasly microcentrifuge tube 91AT8 3) NaNETS
WU vortex mixer U 10 Ui

5) Yimaswanlude 4) 11 600 plL Tdaslu HPLC vial

6) thansnaudndneases HPLC Tnedndniu 5 ads

7) e lanamaN1IATIZRIAY %CV U84 retention time Lay peak area U0IEIINY

ANUYTA A1 %CV Nle lesdaiu 2%

3.4.2 N158514 calibration curve 989 curcumin diethyl disuccinate
1) Yiumdrsazany COD standard A §19 | unad13tuduay 5.00 pL wenldaslu

microcentrifuge tube “aoAaY 1 AULVUUU
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2) YiUa dimethylcurcumin stock solution U3u1as 100 pL Tdaslu microcentrifuge
tube N1 1) urazviasn

3) YtUn acetonitrile Usu1ms 400 ul Tdaslu microcentrifuge tube 21090 2) WAag
naon NANAIINIU vortex mixer WL 10 U

4) Yiumnwaran1usuins 95 pl ldaslu microcentrifuge tube Wiaznann WaNAITHIU
vortex mixer 41 10 3unf azliarswanfifauiduduves curcumin diethyl
disuccinate ﬁﬂmﬁwﬁ 3 TunrANUIN

a

5) 1harswanly centrifuge ﬁqmwﬂu 4

U

o

C ANLL5359U 4,000 rpm WU 5 U9l

6) UiUndau supernatant YoSaNTHANLAAZAULTNTUNN 200 pL wenldaslu HPLC vial
7) 1h supernatant wiazaudududad a3 HPLC

8) YuiinAn peak area UOILAAYAULTNTU

9) hafildunadradunsvauduiusseninsanududuves curcumin diethyl

disuccinate AU®M31d7U peak area Y83 curcumin diethyl disuccinate way

dimethylcurcumin

3.4.3 N15VAABIANYIAINALAIVDY curcumin diethyl disuccinate Tuwanaunayud

1Y

1) wenIsnisneaandu 2 d@u sl

[ s9i3a 0 undi
1. Yimarsagany CDD standard C Usums 5.0 pL ldaslu microcentrifuge tube
2. Uws  dimethylcurcumin  stock  solution Usuims 100 L Tdaslu
microcentrifuge tube 9149 1.
3. Yia acetonitrile USuns 400 pL Tdaslu microcentrifuge tube 31AT® 2. Wawl
@190 vortex mixer W 10 U7
4. Yawanaun Usuns 95 pL Taaslu centrifuge tube 31N98 3. NANAITHIU vortex

mixer YU 10 U9
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|:| Time point Ju 9

1. Uwawanan1usums 95 ul aslu microcentrifuge tube WU 9 Wasa U
wanaulu heating block ﬁqm%qﬁ 37°C WU 15 W19l

2. Uimasagany CDD standard C Usums 5.0 pL ldaslu centrifuge tube 21098
1. UAazvaon Naua1siIu vortex mixer Wil 10 undl dhluunsielu heating
block WioudULIA"

3. \fleasunian 0.5, 1, 2, 5, 10, 20, 30, 60, 120 Wiiiuds Usn acetonitrile U3u1ms
400 pL Tdaslu centrifuge tube 3N98 2. WANATHIU vortex mixer W 10 W7

4. Ywa dimethylcurcumin stock solution Usunns 100 pL Tdaslu centrifuge tube
WARZNADN

o

2) thanswaudilsannde 1) U centrifuge ﬁqm%gﬁ 4°C AA5259U 4,000 rpm UU 5

a
UMM

a

3) ViUmdau supernatant YoSaTHANLSIAT9I8737 200 pL wenldaslu HPLC vial

o

4) 1 supernatant wiaztaNaAdeSes HPLC

5) Jufine1 peak area U83LAaYIINIAN

6) 1A peak area Tldudwnalusnsndi peak area w83 curcumin diethyl
disuccinate W dimethylcurcumin

7) thandnsndn peak area 7il¢ wuasfuamududuves curcumin diethyl disuccinate
Tunananlagld calibration curve

8) vn1svaansde 1) - 7) houn 5 Ade

9) mAadsresrudutuves curcumin diethyl disuccinate  lunanauiluusias

%981 ndRINtuAedsanuuTunlaunasadunsanuduiusiseuiiey

AULIAN
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3.5 N1SATUIUAIATITIN

1) thanadsanuduiuildlusiazinaianndnaumuvdnufzewuu pseudo first
order reaction lny
1. w1 natural log vesaadsanududulunsazdia
2. theniildannded 1. wadadunsmlanuduiudiuieudieuiuna
3, WauNIALETLS ST natural log vasAadsanududuiuna Tng

ANAINYDY BnTINSinUAseNdA N AUAIANTUYBINT N

2) meAsaRInleglgaunig

t, = n 2/k
o
t,  WUAIASITIR
k uwnuAAsvessaTINSAnUFATeN

[ v a /A = @
unAageuazuudoyaniivauves Tassaulfganinusnliusms luadsdyangwa (CUIR)
I Y aa Y a I 1 ] Ao o
!ﬂullﬂuﬂl@yﬁﬂlﬂﬂuﬁ@!ft]15116\‘]Iﬂi\‘]\‘]1Uﬂ‘§ilulﬂuﬂu‘1/\lu‘ﬁ1/lﬁ\‘]W1u1/n\1ﬂi1!$1/l’€’f\‘]ﬂﬂ
The abstract and full text of Senior Project in Chulalongkorn University Intellectual Repository(CUIR)

are the Senior Project authors' files submitted through the faculty.



15

una 4

NakazanUsIeNanI1sIve

4.1 WaN1INAADY
4.1.1 Nan1INAEdU system suitability

INNTNAFDU system suitability Wua1 %CV Y831 retention time wag peak area
yosEssamade Ainn 2% waneinsyuuiauuUsusiui wazan tailing factor ¥®4
curcumin, dimethylcurcumin wag curcumin diethyl disuccinate fA1L911u 1.02, 0.90
ey 0.91 MU (1571971 2) wandin peak vosansTALANNIRS (tailing factor<2) S¥UU

HINAITILANMUAUILEUADNTETITU

A13519% 2 uansAadsuas %CV U83A1 retention time, peak area Way tailing factor a4
@15 curcumin, dimethylcurcumin ag curcumin diethyl disuccinate Tunns

NAFDYU system suitability

Curcumin diethyl
Curcumin Dimethylcurcumin
disuccinate

AnRdey | %CV | Aaay %CV ALaae %CV
Retention

2.1232 | 0.0906 4.356 0.2249 7.5124 0.1463

time

Peak area 14,187 | 1.3696 | 7,857 0.8085 15,519 0.729
Tailing factor 1.02 1.55 0.90 1.571 0.91 1.738

4.1.2 uan158519 calibration curve 989 curcumin diethyl disuccinate

NKANITAIIN calibration curve U89 curcumin diethyl disuccinate Feudud
0.100 - 2.00 uM WU ldnshdunsefiaunis y = 1.0558x + 0.0083 wavilen /2 = 0.997

Aagunmd 5
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2.5
y=10558x+0.0083
2.0 R2 =0.997 e
o

o )
=
® 15 -
o -
| -
2 1.0 L
[« _""
o

0s .

e
0.0
0.0 0.5 1.0 1.5 2.0 2.5

Concentration (uM)

g‘dmwﬁ 5 Calibration curve 989 curcumin diethyl disuccinate

4.1.3 NANISANHIAIUAIAIVDY curcumin diethyl disuccinate °Luwmammgwsj

5UN# 6 HPLC chromatogram 484n13AN®1A1MALAITB curcumin diethyl disuccinate

Tunanaunuuedfan 0, 1, 5, 10, 20 uag 30 w1l
Y| Y o < a JAq Y a o
unAagenazuuvoyaniiuaued Iassauliganinusnliusms luadsdynngwa (CUIR)
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31NN15ANYIAIUALRIVBS curcumin diethyl disuccinate Tunanauuywenyin
peak area U84 curcumin diethyl disuccinate ffanas Wetiasuly waglinu peak vos

. . . . d‘ a @ ¥ 1 I3 1
curcumin diethyl disuccinate Waan 30 wivilunuld sgrelstauluvienisnaasanuin
peak area 983 curcumin diethyl disuccinate 381 0.5 Wl dAdeenianfivial 1 udl

Tun1995797ma1s curcumin TuwanguIwuin IBunsvinladsaivunalauiuu
2 W7 wa¥WUIn peak area V83 curcumin JANANTWETDY 9 auszaziianuly Taedan

a;' a;' a a & v A a
WINNFANIAT 60 U uazliranadiniaeiliaan 120 uni
& o = o . . =

NN §INU peak VB9ANT unknown &9l retention time Uszunas 3.8 w1l lag

peak Y94A15AINAINITNUIINAUAT 0 U7 wazroy o Jvwialugau dvuialvgiand
a Y < Y P ' Y] A

a1 5 Uil kaadvuIAaNas AUNTENWIAT 60 Ul sldnu peak Asnandnmsld

\91dnAN peak area u1A1UIMLTUTNI1EIU peak area VBY curcumin diethyl
disuccinate wag dimethylcurcumin waatnArdsnaranlasduainududuaes curcumin
diethyl disuccinate Tunwanaunlaely calibration curve aglaatssns1en 5 lunranuan
9931091381 30, 60 Wag 120 W1l #5213 TRANUNTUYBY curcumin diethyl disuccinate
ladsganas 0 uM AnuefIdedsdnAnvaiioaninsizafilaninindianududusiigaues
calibration curve WoiAadgAUlNUUUD curcumin diethyl disuccinate Tuwananlu

9391381 0 - 20 Wfuad1adunsimanuduius syrineanududuees curcumin diethyl

disuccinate Mwideaglunatauuaziian aelansmasguamia 7
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sUAMWN 7 A5 mlanuduiusseninennududues curcumin diethyl disuccinate Tu

NANEUILALIAMUYI9 O - 20 U7

4.1.4 NANITATUIUAIAINIYDITATINISAAUGATEILALAIATITIN

1.0
0.5
0.0

S 05

-1.0

In(Con

-1.5

-2.0

-2.5

“. y =-0.1293x + 0.4649
R? =0.9953
o
0.0 5.0 10.0 15.0 20.0
Time (min)
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JUANT 8 N3 MANUEUTUSTENINeA natural log YeIrILiuduYes curcumin diethyl

disuccinate Tuwaiauiwazianluyie 0 - 20 U
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1NN158519NIMAMUFURUSTENIN9AT natural log ANLTUTUYBY curcumin
diethyl disuccinate TunanauLagd2912816199 nunlaaunIsidunss y = -0.1293x +
0.4649 Faduluauannsdnsnainufiienwuy pseudo first order Ingiirasiivesdng
n1sinUfAzeiniu 0.1293 wii?
NMIAUIAIASITIR
tio=n 2/k
t,, = 0.693/0.1293
t,, = 5.3589 Ui
PINMIAIINUT curcumin diethyl disuccinate Tunanauniiaasadinmiiu

5.36 U7

4.2 aAUTIENANITNARDY

31NN15ANYIAMUALAIVBY curcumin diethyl disuccinate TunarauIuywdnuIn
curcumin diethyl disuccinate fifnp3ed3alunanaun 5.36 Wil Wewdsuisufiunaiiléain
UIIBVBY Wichitnithad et al Wu31 curcumin diethyl disuccinate fifnpseTinluansazany
0.1 M phosphate buffer (pH 7.4) wirfiu 7.66 43lus 19 azifiuinana3edines curcumin
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AMARNUIN

A131991 3 LAPIANINTNTUTDIATALAIBUINTFIY curcumin diethyl disuccinate Alglung

@514 calibration curve

Fomsavane ity | YTuesSudu | Vinesaeving AU

S (UM) (uL) (uL) gaving (uM)
CDD standard A 40.0 5.00 100 2.00
CDD standard B 35.0 5.00 100 1.75
CDD standard C 30.0 5.00 100 1.50
CDD standard D 25.0 5.00 100 1.25
CDD standard E 20.0 5.00 100 1.00
CDD standard F 15.0 5.00 100 0.750
CDD standard G 10.0 5.00 100 0.500
CDD standard H 5.00 5.00 100 0.250
CDD standard | 2.00 5.00 100 0.100
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A13519% 4 LaAs peak area Y83 curcumin diethyl disuccinate ag dimethylcurcumin 7

ATMLTLTUANNGY) BRI peak area UBIATNIADY

Curcumin diethyl disuccinate Dimethylcurcumin
99131d2U Peak area
ALTNTY (UM) | peak area | MuULUU (UM) | peak area
0.100 1,280 0.1 11,302 0.1133
0.250 3,041 0.1 11,302 0.2691
0.500 5,368 0.1 11,451 0.4688
0.750 8,651 0.1 10,376 0.8338
1.002 13125 0.1 12017 1.0922
1.248 15,504 0.1 11,335 1.3678
1.500 18,105 0.1 11,324 1.5988
1.752 21,917 0.1 11,678 1.8768
1.998 24,030 0.1 11,649 2.0628
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A151991 5 WAASANLUNTUUDY curcumin diethyl disuccinate Tunanaunitliaifig § 19

A1SNAADNY 5 ASI LALANRALAMUINTUYDILAAZ YA

AULTNTUYBY curcumin diethyl disuccinate (uM)
381
(‘Lﬂﬁ) m'ﬁﬁnmaaqﬁ 1 ﬂ?iﬂﬂ’ﬁﬁ]ﬂ‘ﬁl 2 ﬂ?iﬂﬂ’ﬁﬁ]ﬂ‘ﬁl 3 mimaaaﬁ 4 mimaaqﬁ 5 F‘]I']Lilgﬁl
0.0 1.666 1.647 1.464 1.834 1.808 1.684
0.5 1.363 1.585 1.552 0.955 1.327 1.356
1.0 1.513 1.358 1.509 1.672 1.398 1.490
2.0 1.365 1.263 1.338 1.239 1.237 1.288
5.0 0.879 0.852 0.820 0.627 0.682 0.772
10.0 0.522 0.419 0.545 0.354 0.309 0.430
20.0 0.161 0.139 0.191 0.083 0.038 0.122
30.0 0.008 0.008 0.008 0.008 0.008 0.008
60.0 0.008 0.008 0.008 0.008 0.008 0.008
120.0 0.008 0.008 0.008 0.008 0.008 0.008
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natural log Y89ANLRRIAMUTLTUVDILARLAINIAN

A (W9) Anade (UM) A1 natural log vesARAe
0.0 1.684 0.521
0.5 1.356 0.305
1.0 1.490 0.399
2.0 1.288 0.253
5.0 0.772 -0.259
10.0 0.430 -0.845
20.0 0.122 -2.100
30.0 0.008 -4.846
60.0 0.008 -4.846

120.0 0.008 -4.846

30

A1519% 6 LERIALRREAINNTNTUIBY curcumin diethyl disuccinate Tunanauiuagan
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